Traditional ring spinning system is associated with the several limitations, one of which is yarn hairiness. The awareness has been vibrantly growing among the spinning mills for reducing staple yarn hairiness because of its detrimental effects on the subsequent processes (i.e., weaving, knitting, dyeing etc.) and the quality of resultant textile products. As a result, modified form of ring frame has attracted a lot of attention among the researchers for making yarn with the lower level of hairiness value. Besides the raw material parameters and some processing variables, spinning triangle (ST) is the most critical region that has decisive influence on the distribution of fiber tensions and their spatial orientations and shapes in staple yarn body. Thus, using appropriate methods to control the spinning triangle geometry actively has been a vital issue in the field of yarn hairiness reduction. In this paper, it is attempted to make an overview on the spinning triangle based modifications of ring frame that have been designed and destined to reduce hairiness. However, agent aided ring spinning system has also been briefly discussed in this paper as well.
However, in ring spinning system, at the exit from the front rollers there is always a triangular bundle of the fibers without twist, which is called the spinning triangle (ST). This ST is a critical region in staple yarn spinning. The dimensions of the ST and the distribution of fibers in it have a decisive influence on the alignment of fibers both at the surface and within the yarn [7] . In an ST, fibers are always subjected to uneven load because of their positioning and spinning tension as well. For example, the marginal fibers are prevented from being completely incorporated into the yarn body. As a result, along with the raw material parameters and some processing variables, the geometry of ST determines the yarn strength, torque, and hairiness. Therefore using appropriate methods to control the spinning triangle geometry actively has been a vital issue in the field of research. However, in this paper, it is attempted to make an overview on the spinning triangle (ST) based modifications of ring frame that have been destined to reduce the staple yarn hairiness.
Future researchers will be acquainted and enriched with this knowledge in the way of further modifications.
Various Types of Modifications

Compact Spinning System
The compact spinning system was originally designed to improve yarn hairiness [8] . This is a revolution in ring spinning and even at this point in time, one can categorically say that the future belongs to compact yarns [9] . However, the objective of every compact spinning system is: Elimination of the spinning triangle;
Integration of protruding and non-parallel fiber ends; Peripheral fibers are integrated without over stretching; Controlled relaxing of the fibers [10] . The elimination of the spinning triangle (shown in Figure 1 ) is merely a consequence of this arrangement [11] .
Major compact spinning frame manufactures includes Rieter (K 48), EliTe of Suessen, Impact FX (Air-Com-Tex) of Zinser, Toyota® RX-240, RoCoS and Ro-VaC of Rotorcraft etc. available for short and long staple spinning sector. Currently, there are two basic principles, aerodynamically and mechanical compact Figure 1 . Spinning triangle of ring yarn versus compact yarn [11] .
spinning system. Today, the available dominant compact spinning systems are the pneumatic compact spinning systems, which adopt perforated drum, perforated apron or lattice apron as condensing elements [12] .
Aerodynamically Compacting System
Pneumatic compact spinning is the most widely used compact spinning method at present, in which the negative pressure airflow is used to condense the fiber bundle and decrease the spinning triangle [13] . Most of the pneumatic compacting systems are composed of perforated drums or lattice aprons over the openings of the suction slots. With the air flow, the fibers move sideways and they are consequently condensed. However the adaptation of this system to conventional ring spinning machine is very complex and expensive; also this method cause high additional energy consumption during spinning process [14] .
1) Rieter Compact-Spinning Machine K 48:
The fiber condensing zone immediately follows a 3-roller drafting system with double aprons. The bottom delivery roller of the drafting system is replaced by a positively driven perforated drum (sieve drum) with strip groove structure on the surface for this purpose (shown in Figure 2 ). A fixed suction system that is connected to the machine's central extraction unit generating a vacuum is fitted inside this perforated drum. This results in a current of air flowing from the outside to the inside of the drum. The fibers supplied from the delivery nip line of the drafting system are thus held firmly on the surface of the perforated drum and move with the circumferential speed of the drum. A subsequent, second top roller also presses on the drum. The area between the front nip and output nip is the condensing zone. An additional nip roller prevents the twist from being propagated into the condensing zone. The air current created by the vacuum generated in the perforated drum condenses laterally the fibers by means of aerodynamic forces after the main draft. The fibers are fully controlled all the way from the nipping line after the drafting zone to the spinning triangle (shown in Figure 3 ). The spinning triangle becomes so small as virtually to disappear. In the process, all the fibers from the remaining spinning triangle are collected and fully integrated in the yarn [15] [16] . The new air guide element (shown in Figure 4 ) Detect monitors the air flow to the individual spinning positions. If the under pressure reaches a limit value, a red marking on the air guide element indicates that the compacting unit must be checked. This feature prevents noncompacted yarn being produced [17] . Journal of Textile Science and Technology 
2) EliTe®CompactSet
The system consists of a tubular profile subjected to negative pressure and closely embraced by a lattice apron (shown in Figure 5 ). The delivery top roller, fitted with rubber cots, presses the lattice apron against the hollow profile and drives the apron, at the same time forming the delivery nipping line. The tubular profile has a small slot in the direction of the fiber flow, which commences at the immediate vicinity of the front roller nipping line and ends in the region of the delivery nipping line. This creates an air current through the lattice apron via the slot towards the inside of the profile tube. The compacting of the fiber strand will start at the edge of this slot. The fibers follow the outer edge of this suction slot and at the same time they perform a lateral rolling motion. By the law of vectorial addition of speed, the speed of the portion of fibres along the edge (shown in Figure 6 ) will increase. This increase in speed of the portion of fibre moving along the downstream edge causes the fibres to be gently stretched. Fiber will be unable to cross the edge of the slot and will align itself closely to fibre. Thus a fibre bundle is transformed into a bundle where the fibres are perfectly Journal of Textile Science and Technology parallel and close to each other [11] . The bigger diameter of the delivery top roller compared to the diameter of the front top roller creates a tension in longitudinal direction during the condensing process. The consequence of this tension causes the curved fibres to straighten [19] . The suction slot can be arranged at an angle to the direction of fiber flow, especially when processing short fibers. This ensures that the fiber ends are well bound into the strand during transportation in condensing zone. It also creates a transverse force on the band of fibers so that the fiber ends are closely embedded into the fiber assembly [15] . Recently SUESSEN has introduced D-Type slot compact system for producing carded compact yarn [20] .
3) CompACT3 by Zinser
This System has a perforated apron over stationary hollow bodies subjected to negative pressure situated just after the 3 over 3 drafting arrangement (shown in Figure 7 (a)). These hollow bodies are provided with straight slots in the direction of apron movement. The perforated apron has pores in the middle and the forms of these pores are in the order elliptical pores followed by circular ones (pearl-necklace fashion). Diameter of hole does not suck in the individual fibres and the holes distance, which allows a sufficient fixing over the fibre length. The dimension of the holes diameter depends on the yarn count. The distance of the perforation holes is chosen so that the desire hairiness is still kept. The fibers emerging from this drafting system are taken by airflow, and condensed under suction on a perforated apron/belt surface (shown in Figure 7 (b)) [21] . 
Mechanical Compact System
The power required to produce air suction is substantial, the pneumatic compacting devices are expensive, and may require elaborate maintenance. As a result, the concept of mechanical compacting is economical solution for producing compact yarn.
1) Officine guadino mechanical CSS
This consists of an additional smooth bottom front roller and an angled top roller (shown in Figure 8 (b)). These rollers run at a slightly slower speed than the front drafting rollers and this "negative" draft, coupled with the offset top roll, creates false twist which compacts the drafted strand as it issues from the compacting zone [24] [25].
2) COMPACTeasy
The from the ring and traveller will directly translate into the fibres and solidify the compacted state. No twist and draft between line A and B [10] . In addition, Rocos compacting system is more effective in spinning coarser yarns rather than finer yarns [27] . 
Jetring (Air-Plus Ring Tandem) Spinning System
This system is based on the placement of the air nozzles used in the air-jet spinning system between the output system of the conventional ring spinning system and the yarn guide system, called jetring or nozzle ring (shown in Figure 11 ).
Air is fed into the air nozzle used in the jetring system at a certain pressure value. Compressed air creates a rotating air vortex in the nozzle. By causing interfiber entanglements in a false twist spinning action, the air vortex ensures that the fiber ends that protrude outward from the yarn body are wound up in the yarn body, thereby reducing yarn hairiness.
In Jetring yarn production, a designed supporting device was first mounted on 
Compact-Jet Yarn Spinning System
To combine the compact spinning system and air nozzle, the nozzle was positioned between the exit of the compact spinning unit and yarn guide, and then
Compact-jet yarns were produced. It is aimed to gather the advantages of the jetring and compact spinning systems. The compact-jet yarn is first loosened to some extent due to swirling air flow or false untwisting, which is the opposite direction to yarn twisting. Then it is tightened up again through the nozzle in terms of the false twisting, as mentioned for jetring yarns. This untwisting and twisting case contributes wrapping of the protruding hairs on to the yarn body, while swirling air flow does not cause any loss or additional twist in the yarn [33] . Compact-jet yarns have significantly lower hairiness values than ring and compact yarns [34] .
Siro Spinning System
The SiroSPUN™ process adapted some of the self-twist discoveries of CSIRO to the ring spinning technology of the worsted system, and combined spinning and doubling in the one operation. In this process, two rovings are led in parallel through the drafting system, separated by two specially developed condensers, and drafted separately (shown in Figure 12 ). The twist is introduced as for a normal single yarn by means of ring and traveller. The drafted roving strands at the exit from the drafting system, with some twist being produced in the individual strands right up to the nip point, are combined producing a twofold-like yarn (shown in Figure 13 ). Many researchers have reported that hairiness has been reduced significantly in siro spinning system [35] [36].
Siro-Jet Spinning System
The spinning system, which was based on a nozzle attachment to the sirospun Journal of Textile Science and Technology spinning system, was named the siro-jet. The siro-jet spinning system improves the hairiness by up to 40% in comparison to the sirospun system as found in Jetring and Compact-jet spinning systems [37] [38] [39] . Figure 11 . The Jet-Ring spinning system [28] . 
Compact Siro Spinning
The compact-Siro spun yarn incorporated the advantages of compact and Siro yarns [40] . It is conducted on a compact ring frame by simultaneously feeding two rovings, and incorporates the features of both Compact and Siro-spinning systems. Many researchers have mentioned compact-siro yarn (shown in Figure   14 (a)) shows less hairiness in comparison to Siro yarn (shown in Figure 14 (b))
[41] [42] . Spinning triangle (ST) of compact-siro spinning system has been shown in Figure 15 .
Solo Spinning System
Firstly, a drafted strand enters the nip of a Solospun roller (shown in Figure   16 (a)), which has a lot of small grooves that divide the drafted strand into two or three (even four) substrands; second, a primary twist is individually given to those substrands before they leave the Solospun roller, where several smaller twist triangles are produced, third, after coming from the Solospun roller, all substrands are twisted into a Solospun yarn by a final twist (shown in Figure   16 (b)). This special twisting mechanism of Solospun entangles a lot of hairs into the yarn body, so the hairiness of Solospun yarns is reduced, especially for long hairs [44] . R. Ghasemi 
Siro-Solo Spinning System
The Solo-Siro spinning system is a new system which can produce a distinctive yarn structure by combining Solo and Siro spun processes [47] .
Pro-Spin Technology
ProSPIN technology is based on bifurcation of a roving, feeded into a unit installed on a ring yarn machine, by means of a compactor at the outlet of drawing system and confluence of two groups of fiber compactly flowing out in two lines in a manner to form the yarn by taking the twist originating from ring-ring tra-Journal of Textile Science and Technology veller system. Figure 17 ) is designed for the production of carded and combed yarns within the range of medium and medium-coarse counts.
ProSPIN system (shown in
Compaction of masses (especially carded) containing fibers exceeding a certain number in the cross-section by using the existing compact spinning systems, fails to achieve the required success due to either geometrical reasons or excessive consumption of air. ProSPIN, eliminates such dissatisfaction by bisecting the fiber mass in a controlled manner followed by a separate compaction [48] . Figure 18 (a) shows the Nu-Torque™ spinning system installed in a spinning machine. With a false-twister installed between the front roller and the yarn guide, the yarn strength at the ST zone can be enhanced. The amount of false twist is given by the ratio of the pin rotational speed to yarn delivery speed. In ST zone, the extreme tension variation enlarged fiber migration. Nu-torque yarn spinning, higher twisting density in ST zone renders most fibers close to yarn center and altering radical position in the yarn with high amplitude (shown in Figure 18(b) ); this is beneficial for improving yarn strength and hairiness [50] .
Nu-Torque Spinning
Offset Spinning System
Offset spinning is a simple geometric modification of the ST for producing yarns with reduced hairiness (Shown in Figure 19 ). Fibers from both edges of the ST undergo significant change in their wrapping behavior depending on the direction of offset. Due to twist effect, the distribution of fiber tension within the triangle is asymmetrical and uneven in the practice of ring spinning. Conventionally in a Z-twist spinning process, fiber on the right side of the triangle always get twisted firstly while the left-hand edge fibers are slightly slack. This is called to be a pre-twisting process which effectively binds the fibres, while the left side fibres are comparatively less controlled. These cause an asymmetric fiber distribution in ST [51] .
Mismatch Spinning
With the left diagonal arrangement, the yarn emerging from a drafting unit is taken up by an adjacent bobbin to the left of the drafting unit, instead of the bobbin directly below it (shown in Figure 20 (i)). And vice versa for right diagonal arrangement. However, Thilagavathi reported that 50% yarn hairiness had been decreased with left diagonal path (LDP) for producing cotton coarser yarn [53] . Figure 20 (ii)). Their work proposed that the left diagonal path reduced the distance travelled by the uncontrolled fibers on the left-hand side of the spinning triangle to reach the convergence point, which leads to better fiber incorporation, while fibers on the right-hand side are controlled by the pre-twist [57] .
Right Offset Spinning
With right diagonal arrangement, there is an increased concentration of fibers in the right hand side of skew triangle due to the increased pre-twisting of fibers.
As a result, the pre-twisting effectively binds the fibers into the bulk of the yam An opposite effect is observed when the twist direction is changed. They explained that the right-hand edge position of pre-twist during left offset spinning causes slackness and delayed incorporation of left-hand edge fibers, which ultimately occupy the peripheral surface layers of the yarn, leading to increased hairiness [52] . Journal of Textile Science and Technology
Sirofil Spinning System
Sirofil spinning (shown in Figure 20 (iii)) grew out of siro-spinning via replacing one siro-component with strong multifilaments [58] . When the left siro component is substituted by multifilaments, the staple strand on the right is twisting just in a ''left diagonal" (LDP). On the contrary, if the right siro component is substituted by multifilaments, the staple strand on the left is twisting just in a ''right diagonal'' path (RDP).
Contact Spinning System
A contact surface is applied to provide nip points to hold protruding hairs re-wrapping onto yarn stem in the yarn formation zone. To be exact, the twist density of input fiber strand is lower than that of the output strand (shown in Figure 21 ). Moreover, lower twist density spinning strand has a looser structure, which is beneficial for fiber ends wrapped into yarn body. As the twist density increases, spinning strand structure becomes more compact, which may help above wrapped fiber ends to be tightly fastened into or onto yarn stem.
The single static contact surface may be not enough to hold the yarn hairs firmly during the re-wrapping onto the yarn surface; therefore, a self-adjustable disk surface is added by Zhigang Xia et al. to enhance the force of holding yarn surface hairs (shown in Figure 22 ). If hairs wrap onto the yarn stem in a concentrated formation, the adjustable disk surface will perform a vertical upward motion (shown in Figure 23 ). Then, the friction force resisting the twists up-flowing to the front roller nip will be correspondingly decreased, prohibiting unexpected drawing of the excessive low twisted fiber strand between the front nip and the contact surfaces [59] [60].
Pre-Twister Process
Keyi Wang et al. compared this system with the conventional ring frame by mentioning a pre-twister and a holding roller added to the ring frame (shown in Figure 24 ). The respective ends of the core fibers are firmly held by the front roller and holding roller, the free leading ends would be wrapped on core fibers. With the entanglements by the free leading ends which are continuously controlled by the holding roller, the air vortex converts the drafted fibers into a partially strengthened and wrapped structure which produce lower level of yarn hairiness as well [61] .
Agent Aided Spinning System (AAS)
The AAS is fixed on the yarn formation zone between the front roller nip and the yarn guide, as shown in Figure 25 . Self-rotating cylinder connected with a speed governing motor has direct contact with the fibrous strand in the yarn formation zone and the lower part of the cylinder is submerged in the water. When the cylinder contacts the fibrous strand, the liquid water wets the surface of the fibrous strand. Generally, a liquid with less surface tension will possess better wet ability. The surface tension of cellulose fibers is 200 mN/m; therefore, liquid water with a surface tension of 72 mN/m at 25˚C has good wet ability on cellulose fibers. With good wet ability, the yarn hair protruding out of the yarn body (shown in figure Figure 26 ) can be attached to the yarn surface (shown in Figure 26 (a)) through the adhesive force between the fibers and water, and the cohesion force of the liquid water (shown in Figure 26(b) ). Although the cylinder impedes the twist propagation to some extent, the formation of the yarns is not affected. Adhered hairy fiber in yarn body is shown in Figure 26(c) . In addition, only the outer layer of the fibrous strand touches the water and this water evaporates during the balloon process [62] . Figure 26 . A schematic illustration of the adhesion theory for the agent-aided system [62] . Journal of Textile Science and Technology
Conclusion
The quality of ring spun yarn in terms of strength and elongation has been used as the benchmark for yarns spun on other spinning systems but traditional ring spinning system is associated with several limitations, one of which is yarn hairiness. However, the dimensions of the spinning triangle (ST) and the distribution of fibers in it have a decisive influence on yarn hairiness. The ST resists the marginal fibers from being fully integrated into the ring spun yarn structure.
Various studies based on the relationships between the spinning triangle and yarn hairiness have been performed by many researchers. Compact or condensed spinning is the most remarkable modification of ring frame to reduce yarn hairiness. The compact spinning systems reduce the length and width of the spinning triangle (ST) to a minimum or even eliminate to achieve lower level of hairiness in short and long staple yarn. The other ST based modification concept such as jet ring, siro, solo spinning and also their hybrid systems (i.e., compact-jet, siro-jet, siro-solo and compact-siro) have been attracted a lot of attention for their improved performances in term of yarn hairiness. Some researchers have argued that offset spinning system (i.e., modified yarn path) has lower level of yarn hairiness compared to conventional ring frame. Nu-torque spinning works on the basis of online twist density distribution by installing a false twisting assembly in the path of yarn and affects the fibers in ST. Contact spinning as well as agent aided spinning system can rewrap the protruding fibers that have been escaped from ST. Nowaday's many companies offer their retrofitted components (add-on type) to be fitted with conventional ring frame for controlling the geometry of spinning triangle in order to obtain lower level of yarn hairiness. It is expected that the future belongs to these types of modified ring frame.
